Searching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2000-097331 
(43)Date of publication of application : 04.04.2000 



(51)lnt.CI. 



F16H 61/08 
// F16H 59:40 
F16H 59:42 
F16H 63:12 



(21) Application number : 10-287227 

(22) Date of filing : 24.09.1998 



(71) Applicant : FUJI HEAVY IN D LTD 

(72) lnventor : NANBA ATSUSHI 



(54) AUTOMATIC TRANSMISSION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress worsening of shift quality by 
properly deciding a timing of a start/completion of control of an inertia 
phase. 

SOLUTION: In upshift, at a point of time t2 when a change gear ratio (r) 
monitored at a process of gear shifting is synchronized with a reference 
change gear ratio R2' lower than a change gear ratio R2 before gear 
shifting, control of an inertia phase is started. At a point of time (a time 
t4) when a state (times t3 and t4) that a change gear ratio (r) is 
synchronized with a change gear ratio R3 to be reached through gear 
shifting is continued for a time longer than a decision time, control of 
the inertial phase is completed. 
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* NOTICES * 



JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The input shaft which receives the driving force from a drive engine in an automatic transmission, and the output shaft 
which transmits driving force to a wheel, Two or more engagement elements which set up the power transfer characteristics between 
said input shafts and said output shafts, It has a detection means to detect the rotational frequency of said input shaft, and the rotational 
frequency of said output shaft, and the control means which controls release and engagement of said engagement element. Said control 
means The change gear ratio computed in up shifting based on the rotational frequency of said input shaft detected by said detection 
means and the rotational frequency of said output shaft The automatic transmission characterized by ending said inertia phase control 
when the condition that said computed change gear ratio synchronized with the change gear ratio which should reach by gear change 
continues beyond judgment time amount, while starting inertia phase control, when it synchronizes with a criteria change gear ratio 
smaller than the change gear ratio before gear change. 

[Claim 2] The input shaft which receives the driving force from a drive engine in an automatic transmission, and the output shaft 
which transmits driving force to a wheel, Two or more engagement elements which set up the power transfer characteristics between 
said input shafts and said output shafts, It has a detection means to detect the rotational frequency of said input shaft, and the rotational 
frequency of said output shaft, and the control means which controls release and engagement of said engagement element. Said control 
means The automatic transmission characterized by starting inertia phase control when the change gear ratio computed in up shifting 
based on the rotational frequency of said input shaft detected by said detection means and the rotational frequency of said output shaft 
synchronizes with a criteria change gear ratio smaller than the change gear ratio before gear change. 

[Claim 3] The automatic transmission made into claims I or 2 characterized by changing said criteria change gear ratio according to 
the rotational frequency of said output shaft or said input shaft. 

[Claim 4] The input shaft which receives the driving force from a drive engine in an automatic transmission, and the output shaft 
which transmits driving force to a wheel, Two or more engagement elements which set up the power transfer characteristics between 
said input shafts and said output shafts, It has a detection means to detect the rotational frequency of said input shaft, and the rotational 
frequency of said output shaft, and the control means which controls release and engagement of said engagement element. Said control 
means The automatic transmission characterized by ending inertia phase control when the condition that the change gear ratio 
computed based on the rotational frequency of said input shaft detected by said detection means and the rotational frequency of said 
output shaft synchronized with the change gear ratio which should reach by gear change continues beyond judgment time amount. 
[Claim 5] Said judgment time amount is the automatic transmission indicated by claim 4 characterized by setting up the direction at 
the time of down shifting short rather than the time of up shifting. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an automatic transmission, especially relates to the timing judging of inertia phase 

control. 

[0002] 

[Description of the Prior Art] The gear change control in an automatic transmission advances in the sequence of control in principle at 
the time of control, torque phase control, inertia phase control, and gear change termination at the time of gear change initiation. 
Generally, an inertia phase is a phase when the change gear ratio computed from a turbine rotational frequency (rotational frequency 
of the input shaft of a change gear) and an output rotational frequency (rotational frequency of the output side of a change gear) 
changes with time towards the change gear ratio after gear change. 

[0003] Conventionally, the timing judging of inertia phase control is performed as follows. First, the initiation judging of inertia phase 
control is explained. The clutch by the side of release and the oil pressure of a brake (these are hereafter called engagement element) 
are decreased, and this engagement element is made to generate some slipping in the control before activation of inertia phase control. 
As for this condition, the so-called Fukiage of an engine is called **, and a change gear ratio becomes large a little from the change 
gear ratio before gear change. Then, supply of the oil pressure to the engagement element by the side of engagement is started. If the 
oil pressure by the side of engagement rises to some extent, a change gear ratio will begin to decrease. And when in agreement with 
the change gear ratio before a change gear ratio changing gears, inertia phase control is started. 

[0004] On the other hand, the termination judging of inertia phase control is conventionally performed by [ as being the following ]. In 
inertia phase control, a change gear ratio decreases gradually in the case of up shifting, and increases gradually in the case of down 
shifting as the engagement control by the side of engagement progresses. And when a change gear ratio is in agreement with the 
change gear ratio (latter change gear ratio) which should reach by the gear change, inertia phase control is ended. 
[0005] 

[Problem(s) to be Solved by the Invention] The conventional timing judging mentioned above was performed by whether the change 
gear ratio was in agreement with the predetermined change gear ratio (an initiation judging is a change gear ratio before gear change, 
and a termination judging is a change gear ratio after gear change). Such a judgment is premised on change of a change gear ratio 
arising only depending on change of the engagement condition of an engagement element. Surely, a change gear ratio originates and 
changes mainly to advance of engagement control. However, besides an engagement condition, a change gear ratio may originate in 
change of an engine speed etc., and may change. For this reason, although an engagement element is not in a desired condition, the 
case where a change gear ratio will be in agreement with a predetermined change gear ratio may arise according to other factors. 
[0006] Furthermore, generally the oil pressure control of raising the oil pressure by the side of engagement at a stretch to the 
maximum high pressure is performed after termination of inertia phase control. Therefore, in spite of being in an engagement 
condition with the imperfect engagement element by the side of engagement, when ending inertia phase control and changing rapidly 
the oil pressure by the side of engagement, the engagement element by the side of engagement will change from an imperfect 
engagement condition to a perfect engagement condition rapidly. Consequently, a gear change shock will arise and a shift quality will 
be worsened. 

[0007] Thus, in a Prior art, since the timing judging of inertia phase control was performed when the actual change gear ratio was in 
agreement with the predetermined change gear ratio, in spite of having not been in the condition which the engagement element 
assumes, there was a case judged to be what inertia phase control starts / ends. 

[0008] Then, the purpose of this invention is controlling aggravation of a shift quality by performing the timing judging of inertia 

phase control exactly. 

[0009] 

[Means for Solving the Problem] In order to solve this technical problem, the 1st mode of this invention The input shaft which 
receives the driving force from a drive engine in an automatic transmission, and the output shaft which transmits driving force to a 
wheel, Two or more engagement elements which set up the power transfer characteristics between an input shaft and an output shaft, It 
has a detection means to detect the rotational frequency of an input shaft, and the rotational frequency of an output shaft, and the 
control means which controls release and engagement of an engagement element. This control means When the change gear ratio 
computed in up shifting based on the rotational frequency of the input shaft detected by the detection means and the rotational 
frequency of an output shaft synchronizes with a criteria change gear ratio smaller than the change gear ratio before gear change, while 
starting inertia phase control When the condition that the computed change gear ratio synchronized with the change gear ratio which 
should reach by gear change continues beyond judgment time amount, the automatic transmission which ends inertia phase control is 
offered. 

[0010] Moreover, the input shaft with which the 2nd mode of this invention receives the driving force from a drive engine in an 
automatic transmission, Two or more engagement elements which set up the power transfer characteristics between the output shaft 
which transmits driving force to a wheel, and an input shaft and an output shaft, It has a detection means to detect the rotational 
frequency of an input shaft, and the rotational frequency of an output shaft, and the control means which controls release and 
engagement of an engagement element. This control means In up shifting, when the change gear ratio computed based on the 
rotational frequency of the input shaft detected by the detection means and the rotational frequency of an output shaft synchronizes 
with a criteria change gear ratio smaller than the change gear ratio before gear change, the automatic transmission which starts inertia 
phase control is offered. 

[001 1] In the 1st and 2nd above-mentioned modes, it is desirable to change the above-mentioned criteria change gear ratio according 
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to the rotational frequency of an output shaft or an input shaft 

[0012] Furthermore, the input shaft with which the 3rd mode of this invention receives the driving force from a drive engine in an 
automatic transmission, Two or more engagement elements which set up the power transfer characteristics between the output shaft 
which transmits driving force to a wheel, and an input shaft and an output shaft, It has a detection means to detect the rotational 
frequency of an input shaft, and the rotational frequency of an output shaft, and the control means which controls release and 
engagement of an engagement element. This control means When the condition that the change gear ratio computed based on the 
rotational frequency of the input shaft detected by the detection means and the rotational frequency of an output shaft synchronized 
with the change gear ratio which should reach by gear change continues beyond judgment time amount, the automatic transmission 
which ends inertia phase control is offered. 

[0013] Here, as for the above-mentioned judgment time amount, it is more desirable than the time of up shifting that the direction at 

the time of down shifting is set up short. 

[0014] 

[Embodiment of the Invention] Drawing 1 is drawing showing the rough structure in the automatic transmission (AT) as an example. 
The driving force from the engine crankshaft 9 is transmitted to the turbine shaft 1 1 of this change gear through a torque converter 10. 
the turbine shaft 1 1 which is the input shaft of a change gear — rear planetary one — it connects with Sun Geer of 2. the reduction drive 
shaft 12 which is the output shaft of a change gear on the other hand — front planetary — it connects with the ring gear of 1, and the 
planetary carrier of rear planetary 2. Each member (Sun Geer, a planetary carrier, ring gear) in two planetary gears 1 and 2 is 
connected with three multiple disc clutches (the reverse clutch 3, the hike latch 5, roke latch 6), two multiple disc brakes (2&4 brake 4, 
low & reverse brake 7), and the low one-way clutch 8 as illustrated. These engagement elements (a clutch, brake) respond to a gear 
ratio, and are engaged or released alternatively. Thereby, this change gear can perform gear change of four steps of advance, and one 
step of go-astern. 

[0015] Drawing 2 is the table having shown the relation of the gear change location and the engagement condition of an engagement 
element in the above-mentioned change gear. In this table, O mark means that the corresponding engagement element is being 
engaged, and it means that the blank has released. Moreover, O mark means being engaged only at the time of the corresponding 
drive. In this change gear, clutch two clutch (Clutch to Clutch) gear change is performed except for gear change between the 1st 
speed-2nd speed. Clutch two clutch gear change is gear change engaged in the latter-part engagement element at the same time it 
releases a preceding paragraph engagement element. On the other hand, gear change is attained only by engagement control of 2&4 
brake 4 by gear change between the 1 st speed-2nd speed on which the low one-way clutch 8 acts. 

[0016] Drawing 3 is the explanatory view having, shown the controlling mechanism of an automatic transmission on the whole. This 
controlling mechanism mainly consists of the engine 21, a change gear style 22, an oil pressure controlling mechanism 23, and an 
electronic control unit (ECU) 24. The torque generated with the engine 21 is transmitted to the reduction drive shaft 12 through a 
torque converter 10, the turbine shaft 11, and the change gear style 22. Through the drive pinion shaft 15, the torque of this shaft 12 is 
transmitted to a differential gear 16, and drives a front wheel. 

[0017] The throttle opening sensor S 1 is a sensor for detecting the throttle opening theta of an engine 21. An engine speed sensor S2 is 
the engine speed of a crankshaft 9, i.e., engine-speed omegaE. It is the sensor to detect Moreover, the turbine engine- speed sensor S3 
is the engine speed omega 1 of the turbine shaft 1 1 . It is the sensor to detect. Output engine-speed sensor S4 is the engine speed omega 
5 of the reduction drive shaft 1 2 (output shaft in this example). It is the sensor to detect, the sensor which detects these rotational 
frequencies ~ for example, electromagnetism — pickup may be used. 

[001 8] The oil pump 36 in the oil pressure controlling mechanism 23 carries out the regurgitation of the control oil inhaled from the oil 
pan mechanism 37. The control oil adjusted to predetermined oil pressure by the regulator bulb 38 is supplied to five linear solenoid 
valves 31, 32, 33, 34, and 35. Here, the linear solenoid valve is prepared for every engagement element. Each linear solenoid valve 
carries out engagement control of the engagement element corresponding to it at direct and a linear (the controlled variable which 
continued according to the current value is produced) according to the current value from the oil pressure control circuit 51. Generally 
the method which prepares a solenoid valve for every engagement element, and performs engagement control of each engagement 
element directly by the corresponding bulb is called direct AT. 

[0019] Drawing 4 is the sectional view showing the structure of a linear solenoid valve. The field generated by the electromagnet 
according to the control current moves a spool type valve, and, thereby, a supply port and an output port are opened for free passage. 
By the direct AT method using a linear solenoid valve, oil pressure can be adjusted to a linear according to the control current. 
Moreover, it is not necessary to use the accumulator needed with a duty solenoid valve. Therefore, the direct AT method using a linear 
solenoid valve can perform an oil pressure control with a high precision which produces neither interlocking nor a feeling of pressure 
from below by current control supplied to a linear solenoid valve. In this example, as this linear solenoid valve, when a current is 0, 
the bulb of Nor Marie Hy (Normally-High) who supplies the maximum control ** is used. Drawing 5 is the table having shown the 
relation of the switching condition of a gear ratio and each linear solenoid valve. 

[0020] In addition, it is also possible to replace with a direct AT method and to use the conventional hydraulic circuit which combined 
the duty solenoid valve and the diverter valve. However, probably, in this example to be controlled [ of oil pressure ] exact, it will be 
desirable to use direct AT. 

[0021] ECU24 consists of CPU41, ROM42, RAM43, an input circuit 44, and an output circuit 45. In ROM42, it is target turbine 
engine-speed omega r. The data about the target pattern used as the criteria for computing are memorized. The signal outputted from 
sensors SI, S2, and S3 and S4 is inputted into an input circuit 44. CPU41 performs the operation for controlling the oil pressure of an 
engagement element according to the information from these sensors. The control information as the result of an operation is outputted 
to the oil pressure control circuit 51 through an output circuit 45. The oil pressure control circuit 51 calculates the current value which 
operates each linear solenoid valve based on the control signal from an output circuit 45, and supplies this to each linear solenoid 
valve. 

[0022] (Termination judging at the time of up shifting) The gear change to the 3rd speed from the 2nd speed is hereafter explained to 
an example for the termination judging at the time of up shifting. However, this is an example and, naturally this invention can be 
applied also in other gear changes. Drawing 6 is the change gear ratio r in two to 3 gear change (up shifting), and the engagement side 
oil pressure PH. It is the related timing chart. Moreover, drawing 7 is the flow chart of a termination judging of inertia phase control. 
In addition, the flow chart of drawing 7 is repeatedly performed at intervals of 1 0ms. 

[0023] First, oil pressure PD of 2&4 brake 4 which is in an engagement condition in the phase 1 of drawing 6 It decreases gradually. 
Thereby, this brake 4 is made to produce some slipping (extent which rises 2% to the change gear ratio R2 before gear change). This 
slipping is detectable as change of a change gear ratio r. And it is the oil pressure PD by the side of release until a change gear ratio r 
rises to the value of R2 x(change gear ratio of the 2nd speed) 1 .02. It is made to decrease. Time amount tl in drawing 6 It is the time 
amount which the rise of such a change gear ratio r produced. In addition, a change gear ratio r is the turbine engine speed omega 1 
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detected by the turbine engine-speed sensor S3. Output engine speed omega 5 detected by output engine-speed sensor S4 It is the 
broken value and is computed by CPU41. 

[0024] Next, time amount tl An oil pressure control (namely, the value to which the change gear ratio r rose a little maintenance) 
which generated slipping maintains is performed henceforth. Namely, oil pressure PD of 2&4 brake 4 which is a release side Oil 
pressure PH of the hike latch 5 who is an engagement side while making it decrease further It is made to go up gradually. The inertia 
flag F which shows activation of inertia phase control is set to 0 as initial value. Therefore, in the period of a phase 1 , the procedure 
after step 1 1 is not performed by decision of step 10 in drawing 7 . 

[0025] Soon, it is the hike latch's 5 oil pressure PH. If it goes up and the torque of this clutch 5 becomes large, the change gear ratio r 
computed from a sensor S3 and the information from S4 decreases gradually. And when a change gear ratio r synchronizes with 
criteria change-gear-ratio R2' (time amount t2), a phase 1 is ended and it shifts to a phase 2. That is, the inertia flag F is set to 1 from 0. 

[0026] Here, criteria change-gear-ratio R2* is the change gear ratio R2 before gear change. It is a small value a little. Drawing 1 1 is 
drawing which expanded change of the change gear ratio in the phase 1 of drawing 6 . By slipping produced with the engagement 
element by the side of release of a phase 1, a change gear ratio r becomes large a little from the change gear ratio R2 before gear 
change. In the condition that the engagement element is slippery, a change gear ratio r is not fixed, but as shown in drawing 1 1 in fact, 
it is changed. In this case, it is the change gear ratio R2 before gear change temporarily by fluctuation of a change gear ratio. The case 
(time-of-day t2' at this time) of being in agreement arises. With the conventional approach, a change gear ratio r is a change gear ratio 
R2. Since it has judged with starting control of a phase 2, i.e., inertia phase control, when in agreement, inertia phase control will be 
started in time-of-day t2\ Originally, it is time of day t2. Since the engagement control by the side of release starts the control which 
should be set and started by time-of-day t2' which is not fully advancing, a shift quality may be worsened by such incorrect judging. 
[0027] Then, change gear ratio R2 before gear change When criteria change-gear-ratio R2* small a little is made into the criteria which 
judge initiation of inertia phase control and a change gear ratio r synchronizes with criteria change-gear-ratio R2', inertia phase control 
is started. By fluctuation of the change gear ratio r resulting from factors other than the condition of an engagement element (for 
example, fluctuation by the follow-up control of an engine condition or a change gear ratio), it is a change gear ratio R2. It being in 
agreement and becoming smaller does not have a theory top. A change gear ratio r is a change gear ratio R2. Only the case where 
engagement control advances becomes small. Therefore, if an initiation judging is carried out using criteria change-gear-ratio R2 1 , 
engagement control can shift to inertia phase control in the condition of having gone on appropriately. 

[0028] Change gear ratio R2 The initiation judging based on small criteria change-gear-ratio R2' is a change gear ratio R2. Compared 
with the case where it uses, initiation of inertia phase control is overdue. Therefore, this criteria change-gear-ratio R2' becomes 
important [ setting up appropriately in consideration of the both sides of a controllability and a shift quality ]. Then, it is desirable to 
change criteria change-gear-ratio R2' according to an output engine speed (for you to be a turbine engine speed). For example, it is the 
following, and you may make and set up. 

[0029] change gear ratio R2 before gear change from — the value which lengthened only amount of amendments deltaR is used as 
criteria change-gear-ratio R2\ Drawing 12 is drawing explaining the setting approach of a criteria change gear ratio. Amount of 
amendments deltaR is the output rotational frequency omega 5 at the time of receiving the command of up shifting. Criteria rotational 
frequency Nc When low, it is a rotational frequency omega 5. The value which increases in linearity with an increment is used. When 
a change gear ratio explains this, it is setting up the amount of amendments which becomes a fixed change gear ratio. On the other 
hand, it is the output rotational frequency omega 5. Criteria rotational frequency Nc When it is above, a value which serves as a fixed 
rotational frequency is set up. 

[0030] By control (inertia phase control) of a phase 2, it is time amount t2 first. Since it sets and is set as 1 from the inertia flag F, it is 
this time amount t2. The procedure after step 1 1 of the flow chart of drawing 7 is performed until this flag F is henceforth set to 0 
again. 

[003 1] First, turbine rotational frequency omega 1 It is detected by the sensor S3 (step 11), and is the output rotational frequency 
omega 5. It is detected by sensor S4 (step 12). In step 13, CPU41 computes a change gear ratio r (= omega 1 / omega 5) based on the 
information from these sensors. And it is judged whether it synchronizes with the change gear ratio (change gear ratio R3 of the 3rd 
speed) which this computed change gear ratio r should reach by gear change. For the synchronization of a place here, a change gear 
ratio r is the change gear ratio R3 after gear change. The case where it is the value of predetermined within the limits (** 1% as an 
example) made into the core is said. Time amount t2 In immediately after, a change gear ratio r is a change gear ratio R3. Since it is 
large, it progresses to a return by decision of step 13. 

[0032] Oil pressure PD of 2&4 brake 4 which is a release side in inertia phase control Oil pressure PH of the hike latch 5 who is an 
engagement side while setting it as the minimum oil pressure It is made to go up. Thereby, the change gear ratio r decreases gradually. 
Soon, a change gear ratio r is a change gear ratio R3. A synchronization performs the step after step 14 by decision of step 13 (time 
amount t3 at that time). In step 14, 1 is added to the counter value CT. This counter value CT is for counting the time amount (namely, 
time amount to which the change gear ratio r synchronizes with the change gear ratio R3 after gear change) by which the 
synchronization of a change gear ratio is maintained. Since it is 0, the initial value of the counter value CT is time amount t3. The 
counter value CT is set to 1 by activation of the next step 14. Next, it sets to step 15 and the counter value CT is the judgment time 
amount CT 1. It is judged whether it is in agreement. This judgment time amount CT 1 It is good also as 15 as an example (that is, 
since a flow chart is performed every 10ms, judgment time amount is set to 150ms). Since the current counter value CT is 1, it 
progresses to a return from step 15. 

[0033] It is time amount t3 so that change of the change gear ratio r as shown in drawing 6 may show. Setting behind, a change gear 
ratio r is a change gear ratio R3. It is small. Thus, a change gear ratio r is a change gear ratio R3 temporarily. When in agreement, by 
synchronous decision of step 13, the count of the counter value CT is stopped and the contents are reset (step 18). . And it progresses 
to a return. 

[0034] Then, a change gear ratio r increases and it is R3. When it synchronizes again, the counter value CT is set to 1 by synchronous 
decision of (time amount t4) and step 13 from 0 (step 14), and the duration of a synchronization counts. Time amount t4 The condition 
of having synchronized with the change gear ratio R3 is continuing the change gear ratio r after that. Therefore, step 1 5 (decision of 
step 15 is No) is repeatedly performed in 10ms from step 10, and the increment of the counter value CT is carried out. And if the 
counter value CT finally becomes the judgment time amount CT 1 (= 15), the counter value CT will be reset (step 16) and the inertia 
flag F will be set to 0. Thereby, inertia phase control is completed. 

[0035] And finally a phase 3 is performed. At this phase, it is the oil pressure PH of the hike latch 5 by the side of engagement It is 
made to change to the maximum high pressure. Thereby, a series of gear change procedures in up shifting are completed. 
[0036] Time amount t3 of drawing 6 Time amount t4 It sets in between and a change gear ratio r is a change gear ratio R3. The reason 
which the case which decrease in number below may produce is explained, an error, oil pressure response delay, etc. of the linear 
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solenoid valve 33 corresponding to the hike latch 5 — originating — oil pressure PH by the side of engagement change (broken line in 
the engagement side oil pressure (PH) of drawing 6 ) which should change essentially, and the difference of extent — being certain — 
an imitation — it becomes a different change (continuous line in the engagement side oil pressure (PH) of 6). Specifically, actual 
transition of oil pressure is late for setting transition which is ideal transition in many cases. Consequently, engagement control may 
not be advancing, so that the engagement element expected. Temporarily, if reduction of a change gear ratio r is dependent only on the 
engagement condition of an engagement element, according to the delay of the oil pressure response by the side of engagement, 
change of a change gear ratio r will also become blunt. However, in fact, change of a change gear ratio r does not necessarily originate 
only in the engagement control by the side of engagement, and, in the case of the up shifting of power-off, it is dependent also on 
depression (a rotational frequency decreases toward a neutral rotational frequency) of an engine speed. Consequently, although 
engagement control is behind, a change gear ratio r is the gear change back R2 by depression of an engine speed. It may be in 
agreement. When coincidence of the change gear ratio resulting from depression of an engine rotational frequency arises, (time 
amount G) and inertia phase control are ended, and change of the change gear ratio at the time of starting control (phase 3) at the time 
of gear change termination is shown in drawing 9 . this drawing shows — as — time amount t3 from — time delay [ equivalent to oil 
pressure response delay ] after - oil pressure PH by the side of engagement It is going up rapidly. By the abrupt change of such a 
change gear ratio r, a gear change shock arises and it becomes the factor which worsens a shift quality. 

[0037] Then, change gear ratio R3 which a change gear ratio r should reach by this gear change in this example When the condition of 
having synchronized carries out judgment time amount (this example 150ms (10msxl5)) progress, he is trying to end inertia phase 
control. That is, it does not judge with termination only by a change gear ratio r being in agreement with a change gear ratio R, but is 
judging by taking into consideration the period which the synchronization is continuing. Specifically, it is time amount t3. Like the 
change gear ratio r which can be set, a synchronization continues, and if there is nothing, inertia phase control will not be terminated. 
Consequently, a change gear ratio r is the change gear ratio R3 by the side of the latter part by depression of an engine speed. When it 
synchronizes temporarily, inertia phase control is continued. And time amount t4 Like the synchronization of the change gear ratio 
which can be set, this control is ended only within the case where the engagement element by the side of engagement is fully engaged. 
Therefore, generating of a gear change shock can be controlled. Thus, by carrying out monitoring of the time amount with which the 
change gear ratio synchronizes, the termination judging of inertia phase control can be performed appropriately, and the gear change 
shock which may have been produced with the conventional technique can be controlled. 

[0038] In addition, in the above explanation, the time amount which the synchronization continued makes it the criterion of inertia 
phase control to have been in agreement with judgment time amount. However, it is better than the meaning of this invention also as 
having extended this and the synchronization having continued termination criteria beyond judgment time amount. 
[0039] (Termination judging at the time of down shifting) The same case may be produced also in down shifting. Drawing 8 is a 
timing chart about the change gear ratio in the 3-2 gear change (down shifting) in this example, and engagement side oil pressure. 
Moreover, the flow chart of a termination judging of the inertia phase control in this case is the change gear ratio R2 in step 13. It only 
changed and others are the same as that of it which showed drawing 8 . 

[0040] Drawing 10 is the oil pressure PD of 2&4 brake 4 which is an engagement side in the case of carrying out down shifting by 
power-on. And it is a timing chart explaining transition of a change gear ratio. Engagement side oil pressure PD It is related, and when 
oil pressure more nearly actual than tie set point is low, an engine may blow up by power-on. Thereby, a change gear ratio r rises and 
a change gear ratio r is the change gear ratio R2 after gear change. It may synchronize (time amount t3 of drawing 10 ). In such a case, 
after ending inertia phase control, a change gear ratio r is R2 rapidly by the same reason as the case of up shifting explained. Since it 
changes, a gear change shock may occur. 

[0041] Then, as shown in drawing 8 , a change gear ratio r is the change gear ratio R2 after gear change. When the condition of having 
synchronized carries out judgment time amount (for example, CT 1 = 10, i.e., 100ms) continuation, inertia phase control is ended. 
Since engine Fukiage does not shift to control by this at the time of gear change termination when the synchronization of a change 
gear ratio arises by ** (time amount t3 of drawing 8 ), generating of a gear change shock can be controlled. 

[0042] In addition, judgment time amount CT 1 Although the value has set up the direction at the time of down shifting short rather 
than the time of up shifting, it may set up the same value. However, probably, it will be more desirable on the viewpoint of a shift 
quality to shorten judgment time amount of down shifting. As mentioned above, inertia phase control of up shifting performs the oil 
pressure control by the side of engagement, and the release side is set as the maximum low voltage. Therefore, if the condition of 
having synchronized with the change gear ratio after a change gear ratio changing gears is continuing also in inertia phase control, it 
will be in the control after gear change, and an unchanging condition. Consequently, in order to perform the termination judging of 
inertia phase control exactly, even if it enlarges some set points of the judgment time amount at the time of gear change termination, it 
is satisfactory if it sees from a viewpoint of a shift quality. On the other hand, in the inertia phase control in the down shifting of 
power-on, the oil pressure control by the side of release is performed, and the oil pressure by the side of engagement is raised in the 
second half of this control. And at the time of the termination judging of inertia phase control, while setting a release side as the 
minimum oil pressure, oil pressure by the side of engagement is made into the maximum high pressure, and full conclusion of the 
engagement element by the side of engagement is carried out. Therefore, when the set point of the residence time amount of strange at 
the time of gear change termination is enlarged, there is a possibility that interlocking may arise, with the oil pressure of the both sides 
by the side of engagement and release. Therefore, it is not desirable to take the not much large judgment time amount at the time of 
gear change termination. For the above reason, it becomes effective to make the judgment time amount of down shifting shorter than 
that of up shifting. 
[0043] 

[Effect of the Invention] Thus, according to this invention, initiation/tennination timing of inertia phase control can be judged exactly, 
and the fall of the shift quality by the incorrect judging which may have been produced with the conventional technique can be 
controlled. 
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[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the rough structure of the principal part in the automatic transmission of this example 

[Drawing 21 The table having shown the relation between a gear change location and the engagement condition of an engagement 

element 

[Drawing 3] The explanatory view having, shown the controlling mechanism of an automatic transmission on the whole 
[Drawing 4] The sectional view showing the structure of a linear solenoid valve 

[Drawing 5] The table having shown the relation of the switching condition of a gear ratio and each linear solenoid valve 
[Drawing 6] The timing chart about the change gear ratio in 2-3 gear change (up shifting), and engagement side oil pressure 
[Drawing 7] The flow chart of a termination judging of inertia phase control 

[Drawing 8] The timing chart about the change gear ratio in 2-3 gear change (down shifting), and engagement side oil pressure 
[Drawing 9] The timing chart for explaining transition of the supply oil pressure of the engagement side engagement element in the 
case of carrying out up shifting by power-off, and an actual change gear ratio 

[Drawing 101 The timing chart for explaining transition of the supply oil pressure of the engagement side engagement element in the 

case of carrying out down shifting by power-on, and an actual change gear ratio 

[Drawing 1 1] Drawing which expanded change of the change gear ratio in the phase 1 of drawing 6 

[Drawing 12] Drawing explaining the setting approach of a criteria change gear ratio 

[Description of Notations] 

1 Front Planetary **2 Rear Planetary **3 Reverse Clutch, 4 2&4 brake, 5 A hike latch, 6 Roke latch, 7 Low & reverse brake, 8 A low 
one-way clutch, 9 Crankshaft, 10 A torque converter, 1 1 A turbine shaft, 12 Reduction drive shaft, 15 A drive pinion shaft, 16 
Differential gear, 21 An engine, 22 A change gear style, 23 An oil pressure controlling mechanism, 24 ECU, 3 1, 32, 33, 34, 35 A 
linear solenoid valve, 36 Oil pump, 37 Oil pan mechanism 38 A regulator bulb, 41 CPU, 42 ROM, 43 RAM, 44 An input circuit, 45 
An output circuit, 5 1 An oil pressure control circuit, S 1 A throttle opening sensor, S2 engine speed sensor, S3 A turbine rotational 
frequency sensor, S4 Output rotational frequency sensor 
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